1. Feeding rats with a cafeteria diet resulted in increases in total body weight and in epididymal-adipose-tissue weight. Those rats excreted significantly less N than did controls. The amount of N ingested by cafeteria-diet-fed rats was kept equal to that of controls. 2. This decrease in N excretion is explained by a decrease in urinary excretion of urea. This may be due to the following facts. (i) The rate of synthesis of urea from precursors by isolated hepatocytes from cafeteria-diet-fed rats was lower than in controls. (ii) In cafeteria-diet-fed rats the activities of all the enzymes of the urea cycle are decreased. The major percentage decreases are those of carbamoylphosphate synthetase (EC 6.3.4.16) and of argininosuccinate synthetase (EC 6.3.4.5), the enzymes probably involved in the regulation of the overall rate of the cycle. When rats are switched to normal chow diet, the enzyme activities return to normal values. (iii) The uptake of amino acids by liver of cafeteria-diet-fed rats is lower than in controls. 3. These results contrast with those obtained previously by using other models of obesity in rat (i.e. genetic or hypothalamic), in which N excretion was increased.
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Of the various procedures currently available to promote obesity in rats, the cafeteria-diet model (Sclafani & Springer, 1976) has the advantage that it is similar to the majority of human cases in that obesity is induced by voluntary hyperphagia of energy-rich food (Sclafani & Springer, 1976; Rothwell & Stock, 1979) .
The aim of this work as to study the adaptive changes in N metabolism induced by feeding rats during 30 days with 'cafeteria diet'. The amount of N ingested by cafeteria-fed rats was kept equal to that of controls. N metabolism in obese rats has been studied (Karakasch et al., 1980; Dunn & Hartsook, 1980) . However, these authors used animals with hypothalamic or genetic obesities. Cafeteria-diet-induced obesity has the advantage that obesity is due only to overfeeding, and thus interpretation of the metabolic changes observed is easier because they are not masked by other abnormalities associated with obesity of hypothalamic or genetic origin.
Here we have found that cafeteria-diet-fed animals excrete less N than the controls, although N intake was kept the same in both groups. The decrease in N excretion is explained by a decrease in the excretion of urea in the urine. We have found that the capacity of the hepatocytes from cafeteriafed rats to synthesize urea from precursors is decreased, and the uptake of amino acids by liver and the hepatic activity of the enzymes of the urea cycle are also decreased.
Experimental

Materials
Male rats of the Wistar strain were used. They were placed in individual cages and divided in two groups (for 4 weeks). One group of rats were fed ad libitum on a standard diet for rats from Prasa, Vara de Quart, Valencia (Spain). The -experimental group was fed ad libitum with a 'cafeteria diet' (Sclafani & Springer, 1976) , in which animals were offered daily a variety of palatable high-energy foods (four different types of food from a selection of ten) in addition to their normal chow diet. Since our major interest was to ensure a similar N intake in both control and cafeteria-fed groups, we measured the N content of each type of food used by the micro-Kjeldahl method (Markham, 1942 Hensgens & Meijer (1979) .
Methods
Studies in vivo. For amino acid analysis, blood was collected in heparinized syringes from the hepatic vein (inside the left hepatic lobe), the aorta and the portal vein. Protein was precipitated by mixing vol. of blood with 4 vol. of 3.75% (w/v) sulphosalicylic acid in 0.3M-lithium citrate buffer (pH 2.8); 1 ml of the supernatant was collected and injected into a LKB 3201 amino acid analyser for deteminatjpe of amino acids (Vinia et al., 1981) .
Samples of liver for amino acid analysis were obtained from rats that were not used f9r blood sampling. The freeze-clamped tissue (Wollenberger et al., 1960) was powdered in liquid N2 with a pestle and mortar, and a portion of frozen powder (about g) was extracted with 4ml of 6% (w/v) HC104 by homogenization with a motor-driven Teflon homogenizer. Supernatant (1 ml) was collected and its pH adjusted to 2.2 with sulphosalicylic acid.
Studies in vitro. Hepatocytes were isolated from rat livers by the method of Berry & Friend (1969) as modified by Romero & Vinia (1983) . Cells (15-20mg wet wt./ml) were incubated (40min) in Krebs-Henseleit (1932) bicarbonate buffer containing 3mM-Ca2 . Viability was assessed routinely by the Trypan-Blue-exclusion method as described by Baur et al. (1975) . In all cases more than 85% of the cells excluded Trypan Blue.
Determination of metabolites. These were measured as previously described in the references: creatinine (Yatzidis, 1974) ; total liver and serum lipids (Frings et al., 1972) ; total liver protein (Lowry et al. 1951) ; citrulline (Snodgrass & Parry, 1969) ; urea (Nuzum & Snodgrass, 1976) , by using a standard curve designed to correct for the colour production of citrulline that had not reacted at the end of the argininosuccinate synthetase incubation period. A more sensitive assay method (Hunninghake & Grisolia, 1966) was used to measure citrulline in the absence of urea for the carbamoylphosphate synthetase assay, and urea in the absence of citrulline for the argininosuccinate lyase procedure.
Analysis of N content. This was done in triplicate by the micro-Kjeldahl method (Markham, 1942) . Total N content of rats was assayed as described by Lin & Huang (1982) .
Enzyme assays. The procedures for the assay of carbamoyl-phosphate synthetase (EC 6.3.4.16), ornithine carbamoyltransferase (EC 2.1.3.3), argininosuccinate synthetase (EC 6.3.4.5), argininosuccinate lyase (EC 4.3.2.1) and arginase (EC 3.5.3.1) were those described previously (Svhimkes >X 100 676 I 0 1962a). One unit of enzyme activity is defined as the amount of enzyme which catalyses the formation of 1 pmol of product/h at 37°C.
Results
Influence of cafeteria diet on body and fat weight in rats
As expected (Rothwell & Stock, 1979) , cafeteriadiet-induced hyperphagia promotes an increase in total body and epididymal-adipose-tissue weight in rats. The amounts of total lipids in liver and serum were also significantly increased. However, we did not observe changes in the liver weight of cafeteria-fed rats compared with controls (Table  1) .
Nitrogen metabolites in cafeteria-diet-fed rats Table 2 shows that N excretion was significantly lower in cafeteria-diet-fed rats than in controls. All the difference in urinary N excretion can be accounted for as decreased excretion of urea. Indeed cafeteria-fed rats excreted 3.01 mmol of urea/24h less than did controls, i.e. 84.2mg of urea N, which is in good agreement with the difference in N excretion found (77mg).
The concentrations of NH4+ and uric acid in blood and urine were not significantly different in controls and in cafeteria-fed rats (results not shown). However, blood concentration of urea was lower in cafeteria-fed rats than in controls ( Table  2 ). The concentration of creatinine in blood and the 24h urine creatinine excretion were similar in controls and in cafeteria-fed rats (Table 2) ; therefore the renal clearance of creatinine was not affected by cafeteria feeding.
Urea synthesis in isolated hepatocytesfrom cafeteriafed rats
In order to find an explanation for the decreased excretion of urea observed, we studied the capacity of hepatocytes to synthesize urea from ammonia or from a mixture of amino acids at physiological concentrations or at supra-physiological concentrations, as used by Hensgens & Meijer (1979) . In all cases we found a significant decrease in the rate of urea synthesis in cafeteria-fed rats. As prevously established, the rate of urea synthesis from ammonia was increased by additions of catalytic amounts of ornithine (Krebs & Henseleit, 1932) and by lactate (Meijer & Hensgens, 1982) . Lactate increased the rate of urea synthesis by about 300% both in controls and in cafeteria-fed rats. In all cases urea synthesis was linear with time during the 40min incubation period studied. Glucagon also stimulated urea synthesis from ammonia in controls in cafeteria-fed rats. However, the rate of stimulation by glucagon was higher in controls than in cafeteria-fed rats (see Table 3 ). When lactate was present (together with ammonia and ornithine), glucagon had no effect on the rate of urea synthesis, as previously shown by Hensgens et al. (1980) .
Activity of urea-cycle enzymes in cafeteria-fed rats
To find a reason for the lower capacity of isolated hepatocytes from cafeteria-fed rats to synthesize urea, we measured the activity of the enzymes of the urea cycle in whole liver homogenates and found that in livers from cafeteria-fed rats all the enzyme activities were decreased compared with controls (Table 4) . Interestingly, the greater decreases were carbamoyl-phosphate synthetase and argininosuccinate synthetase, the enzymes that are implicated in the control of the overall rate of the urea cycle (Meijer & Hensgens, 1982) .
When rats were fed with cafeteria diet for 30 days and then switched to normal chow diet for 2 weeks, the enzymes activities returned to normal values (Table 4) .
Liver accumulation of fat is not responsible for the observed changes in enzyme activities. Indeed, when cafeteria-fed rats were treated with silymarin or choline no accumulation of fat was observed, but liver enzyme activities were still lower than in controls (Gomez et al., 1985) .
Amino acid concentration in arterial and portal-vein blood Cafeteria feeding during the 30 days before the experiments caused an increase in L-aspartic acid, L-serine and L-arginine in arterial blood compared with controls, in spite of the 24 h period of starvation immediately before blood sampling. In portal vein, cafeteria feeding only induced an increase in L-aspartic acid, L-serine, L-valine and (4) 159+29 (4) 171±35 (4) 52319 + 2750 (4) L-arginine (results not shown). In a previous paper we showed that cafeteria feeding induced an increase in arterial concentration of L-glutamate, L-glutamine and L-alanine in both virgin and lactating rats (Vinia & Williamson, 1981) . In another study the hyperphagia induced by cafeteria feeding resulted in increases in L-threonine, Lserine, L-proline, L-citrulline and L-tyrosine, and decreases in branched-chain amino acids (CallesEscandon et al., 1984) . This may be due to different experimental conditions. Indeed, it is important to emphasize two facts of our experiments. The first is that both groups of rats had the same N intake, which was not the case in previous experiments. A second point is that the experiments were performed after 20h of food withdrawal.
Amino acid uptake by the liver Table 5 shows that, in chow-fed rats, L-alanine was the amino acid with the highest rate of uptake,
The uptakes of Lglutamate, L-glutamine and branched-chain amino acids were the lowest of all amino acids.
Cafeteria feeding induced a decrease in amino acid uptake, except for L-threonine, L-methionine, L-phenylalanine, L-lysine and branched-chain amino acids. The decrease in L-alanine uptake was very significant and was associated with a lower activity of hepatic L-alanine aminotransferase. In chow-fed rats the hepatic L-alanine aminotransferase activity was 26.1 + 5.4 (8)Mmol of substrate transformed/min per g of tissue, and in cafeteriafed rats it was 15.8 +5.5 (8) (P<0.005). In isolated hepatocytes from rats fed with cafeteria diet, Lalanine removal from the suspension medium was also lower than in rats fed on chow diet (Vinia & Williamson, 1981) .
Uptake of L-glutamine and L-glutamate by liver in the chow-fed rats was low; however, in cafeteria-fed rats, the liver released L-glutamine and L-glutamate. These two related amino acids were the only ones that were released.
The steady-state concentrations of amino acids in liver were similar in both groups, except for Laspartic acid, L-threonine, L-serine, and L-asparagine, which were increased very significantly after the hyperphagia induced by cafeteria feeding (Table 6 ). The concentration of L-aspartate in liver that we obtain is an order of magnitude lower than that reported by others (Willamson et al., 1967) . We cannot offer an explanation for this discrepancy.
The fact that free amino acid concentration in liver is unchanged, or even increased, in rats that show a decrease in amino acid uptake by liver suggests that this decrease is a result of a slower amino acid utilization by liver. This is in agreement with the observed decrease in the rate of urea synthesis. Cafeteria-fed 3.4 + 2.1* 9.6+ 5.9 2.5 _ 4.9* 6.5 + 3.9 -3.3 + 7.9** -7.9 + 7.9** 3.8 + 1.9* 2.6+ 1.2** 1.8+ 10.6* 2.2+ 1.8 6.6 + 2.7** 10.4 + 9.0 4.4+ 3.2 4.8 + 2.7 6.7 + 0.6* 5.1 +3.7 2.7 + 2.9 1.1 + 0.9** 3.5 + 2.5** 
Discussion
We show in this paper that rats fed on cafeteria diet have a decreased N excretion. This is due to a decreased urinary excretion of urea, without changes in renal function. This contrasts with observations in other studies using other animal models of obesity in which N excretion is increased. However, this difference between hyperphagia-induced obesity (cafeteria diet) and genetic or hypothalamic obesity may be due to the marked hormonal changes which occur in these latter models. Indeed, genetically obese rats have increased concentrations of corticosteroids (Spydevold et al., 1978) and hypothalamic obese rats have increased concentrations of glucagon (Karakasch et al., 1970) . Our results agree with those of Munro (1951 Munro ( , 1978 , who also observed that excess energy intake resulted in a decreased N excretion in humans and rats.
The decrease in urea excreted in cafeteria-fed rats may be the result of two factors: a decrease in the uptake of amino acids by liver and/or a decrease in the capacity of the liver to form urea from precursors. Indeed, hepatocytes from cafeteria-fed rats formed urea at rates significantly lower than in controls. An important point is that the concentrations of N H4+ are similar in cafeteria-fed rats and in controls (results not shown). Furthermore, cafeteria-fed rats have a decreased activity of the enzymes of the urea cycle, especially carbamoyl-phosphate synthetase and argininosuccinate synthetase, which are probably involved in the regulation of the overall rate of the cycle (Meijer & Hensgens, 1982) . Concerted changes in all five enzymes of the urea cycle in response to hormonal changes have been described (McLean & Gurney, 1963; Wixom et al., 1972; Snodgrass et al., 1978) .
In this context it is important to note that, although the enzymes of the cycle are located in different cell compartments, an as yet unknown factor may exist, as postulated by Cohen (1981) , to promote concerted changes in all the enzyme activities of the cycle.
Starvation (Schimke, 1962b) or changing the protein intake of rats (Schimke, 1962a) also affects N excretion. However, here we show N retention in cafeteria-fed rats that maintain the same N intake as controls. In order to investigate the possible fate of the extra N that the cafeteria-fed rats retain, we measured the total N content of these rats and found that it was significantly higher than in controls. Indeed, we found an increased N content of about 1050mg per cafeteria-fed rat. If (after 30 days of cafeteria-feeding) these rats retain 120mg of N/day more than controls, a total retention of 3600mg should be expected; we only find about 30% of this value. However, the value of 3600mg of N is obtained on the assumption that the rats retain 120mg of N more than the controls from the first day when they are submitted to cafeteria diet. It is probable that the increased N retention develops gradually after some days of cafeteria feeding. Thus the value of 3600mg of N is an overestimation. Lin &Huang (1982) studying N metabolism different diets, also found only 47% of the expected total body N.
The hormonal status of the animals may be responsible for the observed changes in N metabolism in cafeteria-fed rats. However, the hormonal profile of these animals is still unclear. For example Calles-Escandon et al. (1984) report that insulin concentrations are increased in cafeteriafed rats. However, other reports show that the values are similar to the controls (Rolls et al., 1980) or even decreased (Rothwell & Stock, 1981) . These differences may be explained, at least in part, by the different experimental conditions used in these studies. However, further studies are required to clarify these points. Using cafeteria-fed rats, we show changes in N metabolism that are different from those described for other models of obesity, i.e. genetic or hypothalamic. However, the fact that in cafeteria-fed rats N excretion is decreased is in agreement with the observed decreased N excretion in humans fed on a high-energy diet (Munro, 1978) . Since several cases of human obesity are induced by diet, these results may be of practical importance.
